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PREFACE

'This Summary Report of the 1981 B. C. Mathematics
Assessment contains a description of the study, an analysis of

the major findings, and a number of recommendations directed
toward those who share in the continuing task of improving the

teaching and learning of mathematics in this province. The

Assessment was designed to evaluate students' achievement in
and attitude toward mathematics, to document changes in ach-

ievement oy comparing the 1981 results to those 'obtained in

1977, and to conduct a survey of teachers of mathematics. In

addition, the Assessment has been directed toward the goal of

identifying and clarifying different models for the mathema-

tics curriculum.

The report, like the proof of a mathematical theorem,
conceals most of the

of

and effort that went into the plan-

ning and execution of the study. In all, the students and the

teachers of mathematics, the personnel of the Learning

Assessment Branch of the Ministry of Education, the staff of
B. C. Research, and the members of the Contract Team, the

Advisory Committee, and the Review Panels spent over 90 000
hours on the project--more hours than the average person works

in a lifetime.

To the teachers of mathematics and their principals I

would like to extend my thanks for the level of professiona-
lism they exhibited by their willingness to participate in the
various phases of the study. Special thanks are also due to a

number of individuals whose expertise and dedication helped
make what could have been a virtually impossible task into a

rewarding,, professional experience. This group includes Nancy
Greer, Bob Wilson, and Alan Taylor of the Learning Assessment

Branch as well as Mary Cooper and Barbara Holmes of B. C.
Research, and Mike Dirks of U. B. C., my Research Assistant.

Finally, my thanks go to the members of the Contract Team
for the fine work they did on the project. For each of them

this meant adding an onerous task to already overcrowded
schedules, with little prospect of any reward other than their

personal satisfaction. Wendy Klassen, Ian de Groot, Les

Dukowski, Tom O'Shea, and James Sherrill gave unselfishly of

their time and talent to ensure the success of the 1981

Mathematics Assessmen*.

David F. Robitaille
University of B. C.
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Highlights of the 1981 Mathematics Assessment -

The second provincial Mathematics Assessment had four
specific objectives:

to identify the major curriculum models for mathematics
which are prevalent in B. C. and elsewhere;

to evaluate and report on students' achievement in

mathematics and their attitudes toward the subject;

to assess the extent and direction of change in the
pattern of students' achievement in mathematics since
the first Mathematics Assessment was conducted in 1977;

to survey teachers on a number of matters affecting the
teaching and learning of mathematics.

A fifth objective of the project was to coordinate B. C. par-

ticipation in the Second International Study of Mathematics
which is being conducted by the International Association for

the Evaluation of Educational Achievement (IEA). About 25
countries are participating in that study.

The Mathematics Assessment was carried out in early 1,981.

Over 90.000 students in Grades 4, 8, and 12, along with a

sample of 2500 Grade 10 students, completed test booklets con-
taining items designed to assess their mastery of five content

domains: Number and Operation, Geometry, Measurement,
Algebraic Topics, and Computer Literacy. The domains were sub-
divided into a number of objectives, some of which dealt with
material that was not part of the prescribed curriculum in the

province. These included areas such as Probability,
Statistics, and Computer Literacy. Information was also col-

lected from students about their attitudes toward mathematics
and about certain aspects of their personal backgrounds.

Results obtained by students were evaluated by three
Interpretation Panels, one for each grade. The Panels assigned
a rating of Strong, Very Satisfactory, Satisfactory, Marginal,
or Weak to each item, objective, and domain result.

The question of which model for the mathematics curricu-
lum was preferred by teachers, educators, and others in B. C.

was addressed in two ways. First of all the topic was dis-

cussed by six Review Panels which were convened at various

locations throughout the province. Secondly, more than 1500
tjachers of mathematics in Grades 1 through 12 completed com-

prehensive questionnaires which included several items dealing
with the issue of goals for the mathematics curriculum. The
questionnaires also dealt with a number of other matters of

interest in the field of mathematics education.
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Among the . major findings of the 1981 Mathematics
Assessment are the following:

Students' Achievement

Five domains were Assessed at each of the three grade lev-
els. The Interpretation Panels rated students' performance
on nine of the domains as Satisfactory or Very Satisfactory,
and six as Marginal. None was rated as Weak. This implies
that students are learning most of the material expected of
them and that they can apply that knowledge in testing situ-
ations.

. 4'

The lowest ratings at each grade level were given to results
in the Measurement domain which concerned students' know-
ledge of the metric system and of applications of
measurement such as perimeter, area, and volume.

Results show clearly that, in spite of the campaign to have
Canada adopt the metric system of measurement, students do
not "think metric". In situations involving day-to=day usage
of measurement, the majority of students in Grades 4, 8, and
12 use imperial units of measure rather than metric ones.

Although students pAform satisfactorily on computational
skill items, results are weaker in areas involving what
might be termed "numeracy". This weakness is especially ap-
parent on items which require students to use estimation or
to verify the reasonableness of an answer.

Results in the Geometry domain appear to indicate that much
of the geometric content contained in the present curriculum
is not being taught.

Grade 12 students who have elected not to take any more
mathematics after Grade 10 generally performed poorly on all
topics, including those items relating to consumer applica-
tions of mathematics. Their performance was significantly
weaker than that of the sample of Grade 10 students who
wrote the Grade 12 items.

The group of Grade 12 students who have taken Algebra 12 did
extremely well on all domains.

Differences in achievement generally favored males over fe-
males, as they did in 1977. While these differences were
small at Grade 4, they were quite substantial at Grade 12.

Seven Change Categories consisting of items from the 1977
Assessment were included as part of the 1981 instruments.
There were two Change Categories for each of Grades 4 and 8,

10
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and three for Grade 12. Students' performance increased on
four of the Change Categories and remained the same on the

other three. In no case was there a decrease.

Students' Background and Attitudes

About 80% of the Grade 4 students have a positive attitude
toward mathematics. At Grade 8 and 12, the, percentages are

60% and 40% respectively. On the other hand, few students at
any level have a decidedly negative attitude toward the sub-,
ject.

Females continue to be under-represented in most elective
courses in mathematics at the senior secondary level. They

constitute 40% of the Algebra 12 population, 30% of

Computing Science 11, 30% of 'Geometry 12, 10% of Trade
Mathematics 11, and 60% of the Consumer Mathematics 11.

Only 10% of Grade 12 students have taken no mathematics
courses beyond the Grade 10 level. Forty percent have taken

Algebra 12.

Few Grade 12 students have taken any of the elective courses

in mathematics whicn are available. For example, only 6% of

Grade 12 students have taken Geometry 12, the only formal

geometry course in the curriculum.

The use of calculators and computers in mathematics classes
has increased considerably since 1977.

Only 11% of Grade 12 students plan to enter the job market

after completing secondary school. Slightly more than 30%
plan to enrol in university or in university-transfer pro-

grams at a community college.

Goals for Mathematics Education

All groups consulted agree that the major goal of mathema-

tics education in B. C. should be to prepare students to

function as enlightened consumers in a technological socie-

ty.

Other objectives which were highly rated included developing
students' ability to use, basic mathematical concepts and

skills end to think logically.

There is widespread agreement that students should be requi-

red to study mathematics each year from at least Grade 1 to

Grade 11.

.L

r
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The Teaching of Mathematics

Teachers of mathematics at all levels indicate that they
enjoy teaching mathematics.

Membership in the B. C. Association of Mathematics Teachers
is not high. In fact, only 1% of elementary teachers, and
26% of secondary teachers of mathematics, are members of
that association.

The vast majority of teachers agree that secondary students
should be permitted to use calculators in school, and there
is at least moderate support for their being used in Grades
4 to 7.'

Many mathematics classes at the secondary level are taught
by teachers who consider their academic or professional
training to have inadequately prepared them icr the task.

Many mathematics classes at the junior secondary 4vel are
being taught by teachers who have little or nc preparation,
either academic or professional, in mathematics.

.r)
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1. OVERVILW

The 1981 Mathematics Assessment was conducted in February
and March of 1981. In February, over 1500 teachers of mathema-
tics in public schools throughout the province completed
comprehensive questionnaires dealing with aspects of their

backgrounds and professional preparation, as well as with
teaching practices. In March,- some -90- 000' studentsenrolled
in Grades 4, 8, and 12, along with a probability sample of
approximately 2500 Grade 10 students, nwere administered the

Assessment instruments. By design, the 1981 Grade 8 and Grade
12 populations were the Grade 4 and Grade 8 populations for

the 1977 Assessment.

A province-wide assessment serves the educational system
in a fashion analogous to that of a photograph of an went.
The photograph enables an observer to examine carefu.ly the
status of the event at a particular moment in time and to'

study any relationships that might exist among the the com-
ponent parts. In a similar way, each assessment makes it

possible to examfne the state of the schools" with respect to
a given area of the curriculum.

It was not the purpose of the 1981 AsIeSsment to evaluate
students' achievement in any particular course or prrgram. Nor

was t'he project concerned with evaluating the per,,rmance of

individual students, their teachers, or their schools. Rather,

the study was designed to evaluate the degree to which stu-

dents in the province were mastering a number of*important
content objectives, and to present the results of that evalua-
tion to educational decision- makers and the public.

Organization of the Assessment

A number of different groups participated in the design
and execution of the 1981 Assessment. In addition to the thou-

0

'This number includes students from the public schools of the

province and from those independent schools receiving finan-

cial support from the Ministry of Education. The results
discussed in the remainder of this report are based solely on

the information obtained from teachers and students in the

public schools.

5
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sands of teachers and students who completed instruments,
these included personnel from the Learning Assessment Branch
of the Ministry of Education, the members of the Contract
Team, representatives from B. C._Research, as well as the mem-
bers of the Technical Sub-Committee, the Advisory Committee,
the Review Panels, the Interpretation Panel:., and the teachers
anti stildpnts of rho crkhnnlc that par*;,;pmresA in tha pilnt-
testing.

The Contract Team had the primary responsibility for de-
signing the Assessment, developing the necessary
instrumentationt_and reporting_the results. The team was com-
posed of two members of the Department of Mathematits and
Science Education of the University of British' Columbia, a

member of the Faculty of Education of Simon Fraser University,
and three classroom teachers: a primary teacher from Richmond,
a junior secondary teacher from Langley, and a senior secon-
dary teacher from North Vancouver. A doctoral student in
Mathematics Education at U. B. C. served as research assistant
on the project.

B. C. Research served as the Technical Agency for the
Assessment. B. C. Reseai_h is the technical operation of the
British Columbia Research Council, an independent, non-profit
industrial research society. B. C. Research was responsible
for overseeing the printig, distribution, and collection of
the instruments; coordinating the scoring and analysis of all
of the instruments; as well as providing consultative services
to the Learning Assessment Branch and the Contract Team on
matters relatin to the technical, statistical, and psychome-
tric aspects of the study.

The Techr ' Sub-Committee consisted of representatives,
of the Learning _ssment Branch, ts'e Contract Team, and the
Technical Agency. This committee served as the forum for dis-
cussion and de,:ision-making on issues of a technical or
statistical nature.

The Advisory Committee provided guidance and advice to
the Contract Team and the Ministry of Education during the
development of the instruments, the review of the results, and
the preparation of the final reports. They also chaired the
meetings of the Review Panels and of the Interpretation
Panels.

The members' of the Advisory Committee were selected from
across the province by the Learning Assessment/Branch to re-
fleet a cross-section of opi on on matters pertaining to the
teaching and learning of mad. catics. In addition to two rep-
resentatives of the Learning Assessment Branch, the chairman
of the Contract Team, and two representatives from B. C.
Research, the Advisory Committee consisted of four classroom

14
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teachers, a school principal, a district-level administrator,
a university professor, and a school trustee. r

Like the Advisory Committee, the Review Panels and the
Interpretation Panels consisted of educators and informed mem-
bers of the public selected from across the proVince. The task
of the Review Panels was to discuss the goals and objectives
of the mathematics curliculum in B. C., both present Anti fu-
ture. After the Assessment data had been analyzed, the
Interpretation Panels were convened to examine the results and
to comment on the performance levels achieved.

Scope of the Assessment

The B. C. Provincial Assessments are based on the premise
that the systematic collection and dissemination of comprehen-
sive, reliable data are essential components of the effective
management of education in this province. According to guide-

lines lAid down by the Learning Assessment Branch, the

objectives of each province-wide assessment are to:

inform professionals and the public of some

of the strengths and weaknesses of the

public school system;

assist the Ministry and school districts in

making decisions related to the development,
review, modification, revision, and imple-
mentation of existing curricula and
supporting instructional materials;

assist the Ministry in making decisions con-
cerning allocation of resources;

identify areas of need and provide direc-
tions for change in both pre-service and in-
service teacher education and professional
development;

provide direction for educational research.

Within the framework of these guidelines, it was intended
that the 1S11 Mathematics Assessment would provide the

Ministry of Education with much of the informati'nn required to
make decisions about the need for a review or revision of the

current mathematics curriculum, and about directions that any
such process might take. Four specific goals were established:

15
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to iien..ify those curriculum models for Mathematics
which are prevalent in British Columbia and elsewhere;

to evaluate and report on students' achievement in
mathematics and their attitudes toward the subject;

to assess the extent and direction of change in the
no*rarn of c*nrianto' orhiovomont cinro rho 1977
Assessment;

to survov teachers of mathematics on a number of
matters which affect the teaching and learning of
mathematics.

An additional task of the project was the coordination of
B. C. participation in the Second International Study of
Mathematics which is being conducted by the International
Association for the Evaluation of Educational Achievement
(IEA), and in which approximately 25 countries are participa-
ting. The report summarizing the results of B. C.
participation in that study will be published as a separate
volume by the Ministry of Education in 1982.

AO

IC



2. GOALS OF THE MATHEMATICS CURRICULUM

Mathematics has been an integral part of the school
"iciculum for so lono anA qn unit/or-sally that it is difficult

to imagine schools without it. In fact, the question of why we

teach the mathematics that we do, in the way that we do, to so

many children, for so many years, scarcely ever arises. On the

other hand, if a mathematics curriculum is to be evaluated,

reviewed, or revised in an intelligent fashion, then these are

precisely the issues which must be addressed.

The 1981 Mathematics Assessment provided an opportunity

to raise such questions, not only theoretically, but practi-

cally as well. As a first step a paper entitled Curriculum

Models in Mathematics was prepared and chen utilized as a

focal point for the project.` Its purpose was to identify

widely-held points of view about the nature of mathematics,

characteristics of different mathematics curricula, and a

number of factors which affect the nature of that curriculum.

The paper also served as a framework for designing the instru-

mentation to be used in the Assessment and for analyzing the

''results. a

As a second step, six Reyiew Panels were set up across

the province: two to discuss the goals of the mathematics

curriculum at the primary level, two at the intermediate

level, and two at the secondary level. Each Review Panel was

made up of teachers, administrators, and other educators, as

well as school tLustees and members of the public. Each

Panelist was asked to read the Curriculum Models paper and to

Complete the Goals Survey questionnaire which had been devel-

oped for use as a basis for the deliberations of the Review

Panels. The questionnaire dealt with the goals of the mathema-

tics curriculum and its content, the importance of affective

as well as cognitive outcomes, and instructional practices in

mathematics education.

A dumber of the items from the Goals Survey questionnaire

were also included on the questionnaires which were completed

by over 1500 teachers of mathematics in the province. it was

hoped that, on the basis of these items, it would be possible

to partition teachers into categories according to their view

'That paper appears as Chapter 2 in the General Report of the

1981 Assessment.

9
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of the mathematics curriculum. That hope was largely realized
with teachers of secondary school mathematics, but not with
elementary teachers.

Models for the Mathematics Curriculum

The development of a mathematics curriculum is a complex
process involving a number of important factors which influ-
ence the final outcome. As is illustratei by the diagram in
Figure 1, the curriculum development process in mathematics is
founded upon a particular set of beliefs and opinions concer-
ning the nature of mathematics, its content, and its
processes. Those beliefs and opinions are influenced and modi-
fied by the effects of a number of factors or parameters
within which the school system operates. Although there are
undoubtedly a large number, of such factors, four would appear
to be of particular importance. These are sociological fac-
tors, psychological factors, pedagogical factors, and
technological factors.

MATHEMATICS:
Content and

Processes

MATHEMATICS
CURRICULUM

MODEL

Sociological Factors

Psychological Factors
Pedagogical Factors

Technological Factors-

Figure 1. Development of a mathematics curriculum model.

The way in which mathematics is viewed by members of the
mathematical community has a profound effect on the nature of
the school mathematics curriculum. Differing views of what
mathematics is, how it is used, and what mathematicians do can
result in widely differing choices of content fornthe curricu-
lum.

As surprising as it may seem to many, there is no univer-
sal agreement among mathematicians about what mathematics is.

18
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Indeed, this question has consistently been a topic of heated

debate among mathematicians and philosophers. It has been sug-
gested, perhaps only partly in jest, that no group of more

than two mathematicians could ever agree on a definition of

mathematics.

One example of opposing points of view regarding the

noLurE cf matftm-tics, -nA on,. that hAc had important impl ir..-

tions for the schools, is the distinction that is frequently

drawn between pure and applied mathematics. There is no doubt,

for example, that during the New Math" era of the 1960s and

1970s the predominant influence on school mathematics came
from pure mathematicians. The advice and opinions of applied
mathematicians went virtually unheeded.

At the present time, recommendations are being made to
give increased emphasis to the applications of mathematics in

other fields. In other words, we may well be witnessing a move

toward an applied mathematics viewpoint in school mathematics
curricula. At the same time, however, there has recently been

a considerable amount of pressure exerted on the schools to

emphasize fundamentals--the so-called "back-to-basics" move-

ment. In- the case of mathematics, this has typically been
interpreted to mean that development of the computational

skills of arithmetic should take precedence over any other

part ,of the mathematics curriculum, at least at the elementary

school level.

In the Curriculum Models paper three models for the

mathematics curriculum were outlined: a Pure Mathematics

model, an Applied Mathematics model, and a Basic Skills model.
A number of items from the Goals Survey questionnaire as well

as the Teacher Questionnaires were then identified as being

consistent with one or another of these three models. Those

items were used as a means of finding out what views of the
nature and content of school mathematics were prevalent in the

province.

The Goals Survey

The members of theOleview Panels were selected from vari-

ous' regions of the province and from among those groups having

a particular interest in the field of mathematics education.

They included teachers, administrators, college and university

professors, School trustees, and members of the public. The
Panels each met for an entire day to discuss the 'goals of

school mathematics in B. C., :using their responses to the

`Goals Survey questionnaire as a basis for their deliberations.

The Panelists experienced considerable difficulty in rea-
ching agreement on the meaning of some of the terminology used

in the questionnaire. Although words such as "logical
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reasoning", "specialist", and "computer literacy" are used
frequently in educational circles, it was apparent that dif-
ferent Panelists .held widely differing views about the
meanitigs of those terms. This lack of agreement, more obvious
in this type of forum than in data obtained from question-
nairg.s, constitutes a significant limitation of such surveys
of opinions and preferences.

No statistical analyses of the data collected from the
Review Panels were conducted. Any conclusions they reached
should be interpreted as being representative of the opinion
of this group of people selected to represent the geographic
zones of the province and those segments of the population
having an interest in the mathematics curriculum of the
schools. The results should not be viewed as being necessarily
representative of the opinion of the province as a whole.

In the opinion of the Panelists, the mathematics curricu-
lum should emphasize one major theme: developing in students
the abilities, concepts, and skills they will need in order to
participate successfully in our technological society. Also
highly rated wete the goals of familiarizing students with
fundamental mathematical ideas and processes, and developing
students' ability to think logically. Those goals were the
ones most highly rated by teachers as well.

The Review Panels agreed that mathematical concepts and
problem solving should be important parts of the curriculum,
and results from the Teacher Questionnaires support this view.
The Panelists felt that computer literacy should be included
in the curriculum, but there was some disagreement about the
grade levels at which it should be introduced, and whether or
not it should be part of the mathematics curriculum.

Panelists expressed their opinions on a number of ques-
tions concerning ways'in which schools and classes should be
organized for the teaching of mathematics. They were in favor
of grouping students by ability for mathematics instruction:
by classes at the secondary level, and within classes at the
elementary level. They saw a few possible advantages to en-
couraging students to specialize in mathematics in Grades 11
ana 12, but felt that those advantages were outweighed by the
disadvantages.

The practice of organizing mathematics courses by semes-
ters, whereby a student might study mathematics from September
to January during a given school year and then not do any
mathematics during the second half of that year, was also dis-
cussed. Generally Speaking, the advantages which were
identified for semestering tended to emphasize administrative
concerns, while the disadvantages were primarily pedagogical
in nature.

20
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Panelists were strongly of the opinion that some form of

mathematics course should be required of all students from

Grade l' to Grade 11 and that, at the senior secondary level at

least, there should be a wide variety of mathematics courses

available to students. They agreed that the teaching of mathe-

matics in secondary schools should be restricted to those

teachers who had the appropriate academic and professional

preparation. TheLc was mv,4.ot= 0,apport fnr the iriea rf ',sing

specialists to teach mathematics at the elementary level as

well. Similar opinions were expressed on the Teacher

Questionnaires.

Results from both the Goals Survey and the Teacher

Questionnaires show moderate to strong support for the use of

calculators by students in school, even at the elementary

level. Similarly, there was widespread support for the intro-

duction of the topic of computer literacy into the school

curriculum, although a majority felt that it should be dealt

with in a number af courses and not be restricted to the

mathematics classroom.

In terms of the three models for the mathematics curricu-

lum developed in the Curriculum Models paper, little or no

support was expressed by the Review Panels for implementing a

Pure Mathematics model. Instead, they appeared to support 3

combination of the Applied Mathematics-Basic Skills models: a

model where the basic skills are applied in everyday, real-

life situations.

Teachers' Preferences for Curriculum Models

Items from the Teacher Questionnaires which appeared to

relate to the Pure, Applied, and Basic Skills curriculum

models were identified and utilized to categorize teachers as

preferring one or the other of those models. Factor analyses

of the data failed to confirm the existence of groups of

teachers supporting the models as defined by those items.

Among elementary teachers, for example, only one coherent

grouping was found that resembled any of the three models. For

that reason, no further attempt was made to investigate the

curricular model preferences of elementary teachers.

Among secondary teachers, three factors were identified

and, although they do not correspond exactly to the three i-

dentified in the Curriculum Models paper, they do appear to be

fairly closely associated with them. The first factor, termed

the School Mathematics factor, includes items which stress the

importance of topics which have traditionally been viewed as

integral parts of the school mathematics curriculum: for exam-

ple, recognition of geometric figures, and solution of

equations. Teachers in this category feel it is important for

prospective teachers to have good backgrounds in mathematics
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as well as in methods of teaching algebra and geometry.

The second factor includes items which emphasize the ap-
plications of traditional topics from the secondary
mathematics curriculum in other areas of mathematics. These
include logic, probability, and graphing techniques. This
factor was called the Applications factor.

The third factor, the Real-World Mathematics factor, in-
cludes those items which stress the importance of consumer and
career mathematics and of training students to apply the
mathematical techniques they have learned in real-world set-
tings.

Secondary teachers were given a score for each of the
three models according to their responses to the items which
defined them. Each teacher was then identified as preferring
the model for which he had the highest score. The distribution
of teachers among models was very even: 36% for the Real-World
Mathematics model, and 31% for each of the other two.

Analysis of the Teacher Questionnaire data in light of
the curricular preferences of teachers yield a number of in-
teresting results. Those teachers who selected the Real-World
Mathematics model have fewer years of teaching experience than
those in the other two groups, they prefer to teach at the
junior rather than the senior secondary level, and are more
likely to be teaching other subjects in addition to mathema-
tics. Moreover, about 20% of these teachers have never
completed a mathematics course beyond the secondary school
level, and almost 40% of them have had no training in the
teaching of mathematics. Fifty percent of these teachers have
not attended a mathematics session at a conference or a work-
shop in the _past three years.

On the other hand, those teachers who prefer the School
Mathematics model tend to be those who have the most ex-
perience, who teach only mathematics, and who prefer to teach
at the senior secondary level. Only 3% of these teachers have
had no post-secondary training in mathematics, and 18% of them
have never taken a course in the teaching of mathematics.
Almost two thirds have attended a mathematics conference or
workshop in the past three years.

Teachers who support the Applications model tend to fall
between these two extremes. This was the case with seven of
the nine comparisons which were made among the three groups.

CPO
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3. THE STUDENTS OF MATHEMATICS

Approximately 90 000 students enrolled in Gr es 4, 8,

and 12 participated in the 1981 Mathematics Assess Taking

into account tne sampliny that Wdb done in some of the larger
school districts, the return rates were 96% at Grade 4, '91% at

Grade 8, and 80% at Grade 12. As is shown in Table 1, these

results comcare very favorably with those from the first

Mathematics Assessment in 1977.

Table 1

Participation Rates
(Percent)

Grade 1977 1981

Grade 4 97 96

Grade 8 90 91

Grade 12 71 80

The purpose of this Assessment was to evaluate the per-

formance of all students at a given level, not only those who

are following a particular program. For that reason, at the

Grade 12 level, all students were required to participate

whether or not they were studying mathematics at the time.,

Viewed in this light, the 80% participation rate at the Grade

12 level is very high.

3.1 Student Characteristics

Each Assessment booklet contained a number of background

information items. In most cases those items dealt with varia-

bles which research has shown to be linked to academic

achievement. Some of the results from these Reporting

Categories are discussed in Part 5 of this report. In this

section they are used to describe the population of students

who participated in the Assessment.

15
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Sex
1\
At each grade level the population is fairly evenly split

between males and females. In Grades 4 and 8, boys outnufibered
girls by small margins; the reverse was true at Grade 12.

An analysis of courses taken by sex of student was car-
ried out among crane 12 students Results of this analysis
show that, up to and including Algebra 11,=,thalcs ana females
are equally represented. Beyond that level, however, the pic-
ture changes dramatically. Males constitute approximately 60%
of the Algebra 12 population, the same proportion as in 1977.
Males form 70% of the Computing Science 11 and Geometry 12
populations, and almost 90% of the Trades Mathematics 11 popu-
lation. The only senior course in which females out umber
males is Consumer Mathematics 11, where 60% of the stu entt
are female. In summary, females continue to be under-represen-
ted in mathematics courses at the senior secondary level, a
situation that remains virtually unchanged since 1977.

Mathematics Background of Grade 12 Students

Students are not required to take mathematics courses
beyond Math 10. Results from the Assessment show that only 10%
of Grade 12 students have completed no more than this minimum
requirement, and that almost 40% of them have taken Algebra
12, a 5% increase over 1977.

Senior elective courses attract relatively small numbers
of students. Eighteen percent of these Grade 12 students have
completed Consumer Mathematics 11, and 11%, Trades Mathematics
11. Only 8% have studied Computing Science 11; 3%, Probability
and Statistics 12; and, perhaps most disquieting of all, only
6% have completed Geometry 12. It may be that these numbers
are so small because the courses are relatively new additions
to the curriculum and, as a result, are not being offered in
many schools.

Calculator and Computer Usage

Only 4% of Grade 4 students have used a calculator in
school compared to almost 40% who have used one at home.
Calculator usage in school increases to 15% at the Grade 8
level and almost 75% in Grade 12. Over 95% of Algebra 12 stu-
dents use calculators regularly in school and for homework.

Over two thirds of Grade 1.2 students and about one half
of Grade 8 students said there were computers available in
their schools. When computers are utilized, they tend to be
used more in mathematics and computer science classes than in
other subject areas.
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The use of calculators and computers in schools has in-

creased since 1977, and will probably continue to do so. This
growth is occurring in spite of the lack of clear guidelines

and curricular recommendations from the Ministry of Education.

If the maximum benefit is to be derived from such technologi-
cal advances, that gap must be filled.

Homework Assignments

Students in Grades 8 and 12 wind writ taking a mathcmatics

course at the time of the Assessment were asked now much time

they had spent on their most recent homework assignment. Over

40% at each level indicated they had spent between 11 and 30

minutes on it. Fewer than 5% said it had taken them more than

an hOur to do their last mathematics assignment, while some 7%

at each level said that they never had any homework assign-

ments in mathematics.

Part -Time Employment of Grade 12 Students

About 62% of Grade 12 students have part-time jobs, up

from 54% i 1977. On the average, the students spend about 9

hours per week working at those jobs.

Future Plans of Grade 12 Students

Only 13% of Grade 12 students plan to enter the job

market without any further education, down from about 20% in

1977. Approximately 30% plan to enrol in university or in
university-transfer programs at community colleges. Fewer than

10% have yet to decide on their educational plans for the fu-

ture.

3.2 Metric USage

Canada has committed itself to the adoption of the metric

system of measurement, and the changeover has been taking,

place gradually, over the past several years. The schools, on

the other hand, have been directed to make the changeover more

rapidly. The SI3 metric system of measurement is taught, and

virtually all of the approved textbooks use SI units exclu-

sively.

3Le Systeme International d'Unites.



The Students of Mathematics
18

In an effort to ascertain to what degree students in the
province "think metric", that is operate in the metric system
without recourse to the imperial system, they were asked to
respond to four questions, giving, in each case, the answer,
that came to mind first. They were also told that both answers
to each question were correct. The questions and answers,
along with the pertfent of studepts selecting each option, are
shown in Table 2.

Table 2
Responses to Metric Usage

(Percent)
<7.

Items

Grade 4 Grade 8 Grade 12

How much does a bicycle weigh?
About 15 kilograms 40 26 16

About 35 pounds 59 72 82

What is the temperature in this room?
About 20 degrees --- 61 38 40
About 70 degrees 38 60 59

How far is it from Prince George to Prince Rupert?
About 700 kilometres 37 30 22
About 450 mileS 63 "67 77

How much gasoline can the gas tank in a large car .hold?
About 90 litres 41 22 19

About 20 gallons 59 74 79

Only on one item, the one involving temperature, and only
at one level, Grade 4, did more students select the metric

.choice than the imperial. In the majority of cases they opted
overwhelmingly for the answer- expressed in imperial units.
Clearly, these students do not "think metric*..

These resIlts indicate that the campaign to have imperial
units replaced by metric units in everyday life appears to
have been less than successful, up to this time. This co;.clu-
son is illustrated most drathatically at the Grade 4 level
where students have been taught the metric.system and only the
metric system .since they first enrolled in school. In spite of
that fact,- only about 40% of the Grade 4 Students chose the
metric alternative on three of the four questions.

\
2G
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3.3 Attitudes toward Mathema ics

Students' test booklets contained a set of items designed
to assess their attitudes toward mathematics. For Grade 8 and

Grade 12 students, there were nineteen items in the scale; for
Grade 4, there were eight. The items were selected and adapted

from among those used in the 1978 assessment of mathematics
conductki by the National Assessment of Educational Progress

in the 0. S. A. and, more recently, .in the Second,
International Study of Mathematics.

Affective outcomes, such as attitudes, are notoriously
difficult to specify and evaluate. However, since there ap-
pears to be continuing interest in their relationship to

students' achiek/ement, it was considered essential that an
effortbe made to include an 'attitude scale as part of the

Assessment.?

Table 3 .

Attitudes toward Mathematics
(Percent)

Attitude Grade 4 Grade 8 Grade 12

Strongly Positive
Positive
Neutral,
Negativp.
Strongly Negative

35 11 6

43 49 35

19 34 41

.--.3 6 16

0 0 ' 2

4.

The results displayed. in Table Sshow that students' A....

titudes decline rather dramatically over the period between

Grade 4 and Grade 12, from a high of almost 80% with strong'y
positive or positive attitudes toward mathematics in Grade 4

et 40% in Grade 12. This decline in positive attitudes, how-

ever, is not Accompanied by parallel growth in negative

attitudes. Instead, the :Largest grow' at Grade 12 has a neu-

tral atptitude.

* Resporses to certain )tems showed considerable stability

across ,grade levels: For example in response to the item "I

really want"to do well in mathematics", 90% of Grade 4, 89% of
Grade 8, and 78% of Grade 12 students responded positively.

Similarly, positive' response rates to the 'statement "I feel

good when I solve a mathematics problem by myself" were 86%,

83%, and 86% Respectively.
i
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Other items evoked different attitudes at the three grade
levels. For example, while 63% of Grade 4 students are
"looking forward to taking more mathematics", only 56% of
Grade 8 and 24% of Grade 12 students share that opinion.

t
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4. ACHIEVEMENT RESULTS

The 1981 Mathematics Assessment evaluated students' ach-
ievement in mathematics at three grade levels (4, 8, and 12),

at three levels of cognitive behavior (Computation and

Knowledge, Comprehension, and Application), and in five con-

tent domains (Number and Operation, Geometry, Measurement,\
Algebraic Topics, and Computer Literacy). The structure of

this aspect of the Assessment is shown in the Item
Specification Model displayed in Figure 2

Computer Literacy

Algebraic Topics

'Measurement

Geometry

Number & Operation

Grade 4 Grade 8 Grade 12

Application

Comprehension

Knowledge

Figure 2# Item Specification Model.

21
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The five domains were selected as 'representing major
areas of content appropriate to the mathematics curriculum.
Each domain except Computer Literacy was itself broken down
into a number of objectives representing more specific topics.
This division of the domains into objectives is summarized in
Table 4.

Table 4
Domains and Objectives

Domains
Grade 4

Objectives
Grade 8 Grade 12

1. NUMber &
Operation

2. Geoiaetry

Number concepts Whole numbers
& computation

Estimation Fractions &
decimals

Fractions & Ratio,
ratio proportion,

& percent
Geometric Geometric
figures figures

Number
concepts

Fractions &
decimals

Ratio,
proportion,
& percent

Geometric
figures

Geometric Geometric Geometric
relationships relationships relationships

*Logical *Logical
reasoning reascning

3. Measurement Length, area, Metric units Metric units
volume, mass

Time &
temperature

Number
Sentences

4. Algebraic
Topics

5.*Computer
Literacy

Graphs
*Probability

Area &
volume

Expressions,
equations, &

Area &
volume

Expressions,
equations, &

inequalities inequalities
Graphs Graphs

*Probability *Probability
*Statistics *Statistics

* denotes content not contained in the present curriculum
B. C.

in

The relative importance of the domains varies from one
grade to the next, an3 this was reflected in the Assessment by
varying the number oc. items used to assess a given domain in
different grades. For example, 41% of the Grade 4 items, 35%
of the Grade 8 items, and 24% of the Grade 12 items belonged
to the Number and Operation domain. On the other hand, the

30



Achievement Results
23

proportion of items devoted to the Algebraic Topics domain

ranged from a low of 17% at Grade 4, to 29% at Grade 8, and

35% at Grade 12.

Some of the objectives dealt with content that is not

explicitly part of the prescribed curriculum but whose inclu-

sion in that curriculum has been recommended on a number' of

occasions and by various groups. These objectives--Logical

Reasoning, Probability, Statistics, and Computer Literacy-

involved relatively few items.

At each c: Grades 4 and 8, 138 cognitive items, evenly

divided among three booklets, were employed. For Grade 12,

because many districts have small enrollments at that level,

only 90 items divided between two booklets were used. This was

necessary in order to produce reliable item-statistics for the

summary of results which each school district receives on the

performance of its students.

Since one of the major goals of the 1981 Assessment was

to document the direction and extent of change in students'

achievement patterns in mathematics since 1977, a number of

items from the first Assessment were included in the 1981 pool

of items. These change items were grouped into Change

Categories: two Change Categories for each of Grade 4 and

Grade 8, and three for Grade 12. Each Change Category con-

sisted of approximately ten items.

Testing was done during a one-week period in March 1981.

Teachers were asked to set aside 45 minutes for giving in-

structions, for distributing the booklets to their students,

and for the testing itself.

All cognitive items in the booklets were multiple-choice

with five response choices. Four of the choices were possible

answers to the item; the fifth was "I don't know".

When the data had been analyzed, three Interpretation

Panels, one at each grade level, met to study the results and

rate the level of performance attained by the students on each

of the items, objectives, and domains. Each result was as-

signed one of the following categorizations:

Strong
,,..'101/

Very Satisfactory (VS)

Satisfactory (S)

Marginal (M)

Weak (W)

When this task was completed, the Panels then rated students'

performance on each objective and domain in the same. way.
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In arriving at their ratings, Panelists were asked to
bear in mind not only th, proportion of students who had res-
ponded correctly, but also the difficulty of the item. Thus, a
result of 40% on a difficult item might be more commendable
than one of 70% on an easier item. This frequently proved to
be a difficult task for tne Panelists.

4.1 Grade 4

The Grade 4 item pool contained 138 cognitive items de-
signed to evaluate students' achievement on eleven oblectives
grouped into five domains. Table 5 summarizes the ratings
given by the GriaiTInterpretation Panel to the results on
each domain and objective along with the corresponding numbers
of items and mean-percent-correct values.

Table 5
Grade 4: Summary Statistics

Domain/Objective Number
of Items

Provincial Panel
Mean (%) Rating

Number and Operation 57 70 VS
Concepts and computation 36 74 VS
Estimation 9 62 S
Fractions and ratio 12 62 VS

Geometry 21 62
Geometric figures 9 75 VS
Geometric relationships 12 52

Measurement 30 60 M
Length, area, volume, mass 18 58 M
Time and temperature 12 63 M

Algebraic Topics 24 58 S
Number sentences 9 55 M to S
Graphs 6 68 S
Probability 9 55 S

Computer Literacy 6 41

On the whole, these results are quite encouraging. They
indicate that students at this level are acquiring many of the
mathem3tical concepts and skills required of them. The
Interpretation Panel rated results on .eight of the eleven

3()
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objectives as being Satisfactory or better; none was rated as
being Weak. According to the Panel, students' performance was
weakest in the Measurement domain.

Number and Operation

Items in this domain dealt with many of the major con-
cepts and skills of the arithmetic content of the primary
grades. The Very Satisfactory rating given by the
Interpretation Panel to students' achievement level in this
domain indicates they were quite pleased with the results.
Performance on 26 of the 57 items was rated as Very
Satisfactory or Strong. Only 4 item-results were judged to be
Weak.

Students performed very well on items testing place value
concepts, computational skills, rounding numbers to the
nearest 100, and recognition of unit fractions in part-whole
settings.

Students' performance was weaker on items which required
them to read and interpret sentences, to perform more than one
operation, to recognize a fraction as a subset of a set, and
to round a number to the nearest 10. For example, performance
on Item A/241 was rated as Marginal.

A/24. Round off 43 to the nearest ten.

% of students

30 7

50 8

40 61ts.

44 20

I don't know. 5

A/24 means Item 24 in Booklet A.

St indicates the correct response.
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Geometry

The geometry items involved recognition of geometric fig-
ures and terminology as well as geometric relationships such
as congruence and symmetry. Ten item-results were rated Very
Satisfactory or Strong, while only two were judged to be Weak.

Students performed very well on items which required them
to recognize geometric figures. On items involving terms such
as "symmetry" and "congruent" however, the performance level
was considerably weaker. For instance, 14% were able to answer
Item C/27 correctly. In spite of the low level of performance,
on this item dealing with a topic from the curriculum, the
Panel judged the result to be Marginal since it was clear to

them that students had not been taught this material. They
were also of the opinion that it would be unwise to emphasize
vocabulary and terminology in geometry at the expense of con-
cept development and concrete experience.

C/27. How many lines of symmetry
does this shape have?

Measurement

The 30 Items in this domain assessed students' knowledge
of the SI metric units of length, area, volume, and mass as
well as their knowledge of time and temperature. Their perfor-
mance on this domain was judged to be weaker than on any of

the others. One half of the 30 item-results were given ratings
of Marginal or Weak, while only nine were rated Very
Satisfactory or Strong. i

Students had difficulty with items which tested their
familiarity with the metric units. For example, as is shown in
Item A/39, only 20% chose 35 kg as a likely mass for a ten-

1

2

% of students

1

14t

3 1

4 74

I don't know 10

i
v.-
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A/3S. A ten-year-old boy is likely to
weigh:

% of students

35 grams 7

75 grams 18

35 kilograms ...., 20t

75 kilograms 40

I don't know 14

year old boy. Almost the same number chose 75 g, a highly im-

probable answer, any 40% chose 75 kg, another improbable ans-
wer. Students did not do particularly well on an item which
asked them how many centimetres there are in a metre. Only 67%
obtained the correct answer. On an example involving tempera-
ture expressed in degrees Celsius, only 26% chose 25'C as, an

appropriate temperature for a sunny day while 27% chose 55'C
and 34% chose 85cC. The Panel expressed disappointment with
'hese results, particularly in view of the fact that these
students had been taught only the metric system since they
entered school.

Items requiring students to read clocks or thermometers
were well done. For example, 90% obtained the correct answer
to Item A/29.

A/29. What time does this clock show?

% of st.Jents

11:20 90t

c.nn 1

11:40 7

12:20 2

I don't know 1
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Algebraic Topics

Performance on the 24 items in this domain was rated as
Satisfactory. Six item-results were rated Very Satisfactory or
Strong and six as Marginal or Weak.-The items dealt with the
use of symbols, solution of number sentences (equations), rea-
ding and interpreting graphs, and eleiDentary probability
concepts.

Students' ability to select the number sentence needed to
solve a word problem was rated Satisfactory, as was their a-
bility to read hnd interpret graphs. Performance on items
involving missing addends, and recognition of inequality sym-
bols was somewhat poorer.

Computer Literacy

The six computer literacy items dealt with topics such as
the capabilities and limitations of computers, the impact of
computers on society, and fields of-application of computers,
They did not deal with topics from the field of computer
science. The Panel rated students' performance on this non-
curricular objective as Satisfactory. That rating was based
primarily on the fact that they felt-that since this material_
was not part of the prescribed curriculum, it would not be
reasonable to expect high levels of performance.

4.2 Grade 8

The Grade 8 item pool consisted of 138 cognitive items
divided among 13 objectives grouped into five domains. Table 6
summarizes the ratings given by the Grade 8 Interpretation
Panel to the results on each domain and objective, along with
the corresponding numbers of items and mean-percent-correct
figures.

On the whole the Grade 8 results were given lower ratings
by the Grade 8 Interpretation Panel than were results at

either Grade 4 or Grade 12 tly their respective Panels.
Student achievement on only one objective, Graphs, was rated
Latter than Satisfactory, id!lilfa performance on five objectives
was judged to be Marginal, and on one objective to be Weak.
These latter objectives include some of the major content
areas of the Grade 8 curriculum: fractions and decimals;
ratio, proportion, and percent; metric units; and area and
volume. Three of the five domain results were judged to be
Marginal. There is some evidence, particularly as concerns
students' performance on the items repeated from the 1977
Assessment, to indicate that the Grade 8 Interpretation Panel
was quite ,:onservative in its ratings.
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Table 6
Grade 8: Summary Statistics

Domain/Objective Number
of Items

Provincial Panel
Mean (%) Rating,

Nusbec and Operation
,...14hole numbers

Fractions and decimals
Ratio, proportion & percent

48 63 ,M

18 69 S

18 59 M
12 .61 M

Geometry . 24 58

Geometric figures 6 57

Geometric relationships 12 52

Logical reasoning 6 69

Measurement 21 46 M
Metric units 9 57 M
Area and volume 12 37 W

Algebraic Topics 39 52 S

Equations and inequalities 18 56 S

Graphs 6 64 VS

Probability 6 41 S

Statistics 9 44 S

Computer Literacy 6 60

Number And Operation

By the time they reach Grade 8, students are expected to
have learned how to add, subtract, multiply, and divide whole
numbers, fractions and decimals. Moreover, they should have
learned a number of fundamental mathematical concepts as well
as techniques for solving word problems, including those invo-

lving the use of proportions or percent. Items in the Number
and Operation domain were intended to assess students' mastery
of those objectives. Overall performance on those items was
judged to be Marginal.

Results indicate that Grade 8 students' ability to per-
form the four basic operations with whole numbers, fractions,
and decimals is Satisfactory. Lowest ratings were given to
results on items which required students to solve word prob-
lems, to compare fractions, to convert fractions to decimals
and percents, and to estimate. For instance, 38% obtained the

correct answer to Item A/11 which required them to Lstimate a
product. This result was rated Weak.

3"



Achievement Results
30

A/I1. The diagram shows a calculator display. Use estimation
to decide which of the four exercises would have that
answer.

5.3269 x

% of students
25.664472

4.8179 .... 38t

3.8245 x 7.93345 ... 27

114.971 x 0.56487 ... 9

131.427 x 10.6304 ... 8

I don't know 17

Geometry

It4ms in this domain were designed to evaluate students'
knowledge of a number of fundamental geometric terms and
theorems, their ability to visualize objects in space, and
their grasp of concepts such as symmetry. In addition, six
logical reasoning items were included in this domain.
Performance in the Geometry domain was Marginal.

On the whole, results on the terminology, spatial visua-
lization, and logical reasoning items were at least
Satisfactory. For example, 90% of students obtained the cor-
rect answer to item A/42, a performance which was rated
Strong.

Less positive results were obtained On items dealing with
knowledge of elementary theorems in geometry. Only one-fourth
of students appeared to be familiar with the relationship be-
tween the sides and angles of an isosceles triangle--28%
responded "I don't know" to that item. On Item A/41, which
dealt with the Theorem of Pythagoras, only 17% obtained the
correct answer and 36% chose the "I don't know" option.

The Interpretation Panel felt that these results indi-
cated that instruction in geometry was being neglected, and
that steps should be taken to correct this situation. Similar
comments were made by the Grade 8 Interpretation Panel in
1977.

Measurement

The Measurement domain included items which tested
students' familiarity with SI metric units as well as with the
concepts of perimeter, area, and volume. Their performance in
this 'domain was rated as Marginal; on the perimeter, aria, and

33



A142. What wi,11 the figure above look like
when it's cut out and unfolded?

I

III IV
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I' % of students

2

5

90t

IV 2

I don't know 1

A/41. The legs of a right triangle are 6 cm and 8 cm long.

How long is the hypotenuse?

% of students

48 cm 31

7 cm 10

100 cm 6
41

10 cm 17t

I don't know 36

volume objective it was Weak.

.Achievement on items dealing with length was generally
Satisfactory or better, but not on items dealing with mass and

temperature. Students also appear to have difficulty conver-
tfng from one metric unit to another. Item B/44 is an example.
Performance on this item was rated Weak.

Results on items dealing with area and volume were quite

poor. All seven items on the topic of'area resulted in perfor-

1
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B/44. What is the combined mass of three objects having masses
of 600 g, 1.02 kg and 32 g ?

%r-')f students

1.652 kg 25t

2.04 kg 7

843 g 10

733.02 g 26

I don't know 33

mance levels that were rated Marginal or Weak. On Item B/I8,
for example, 30% chose the "I don"t know" option.

8/18. What is the area of the shaded portion
Of this figure?

.1E0
111111111W,

ArA

15

101

1

% of students

54 . 33t

96 21

120 7

60 10

-1 d n't know 30

Algebraic-Topics-

The 39 items in the Algebra domain dealt mainly with alz
gebraic expressions, solution of equations and inequalities,
an reading and interpreting gra$hs. In addition, some elemen-
tary notions from the areas of Probability and Statistics were
iric1.6ded, th.ough thcy are: not explicitly in the
curriculum at this level. The Panel rated the results obtained
in this domain as Satisfactory.

_Students demonstrated an ability to scl'e simple equa-
tions. in cne variable. On Item B/22, 72% obtained the correct
answer, a Satisfactory result. On less straightforward'eXam-
ples, results were somewhat poorer.
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13/22. Solve: 3x 3 = 12

.
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% of students

x = 7 2

x = 4 6

x = 3 2

- = 5 72t

I don't know 11

Achievement on three of the four objectives in this

domain was rated Satisfactory; on the fourth, it was Very
Satisfactory. The Panel was pleased with students' performance
in this domain, even in Probability and Statistics which are

not part of the prescribed curriculum. For example, their per-
formance on Item A/45 was rated as Satisfactory.

A/45. If on the roll of a die the probability that a five will
appear is`-416 thin the probability that a five or
a three will appear is:

Computer Literacy

% of students

1/6 20

1/36 7

1/3 49t .

1/12 14

I don't know 10

'
the six items in the Computer Literacy domain assessed

students' know edge of some basic non-technical matters about

-computers.; The items treated topics such as the strengths and
limitations of computers, their social impact, and areas of

application. The item's did not include programming, flow char-

ting, or other aspects of computer science. Stadents'

performance on the items in this domain was rated r-
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Satisfactory; however, the Panel awarded this rating primarily
because the material was considered to be unfal.i'lar to the
students rather than because their performance level was sati-
sfactorily high.

4.3 Grade 12

The Assessment instrdinents for Grade 12 were administered
to all students enrolled in Grade 12 whether or not they were
currently studying mathematics. The items did not constitute a
test of any single course, such Algebra 11 or 12, but
rather were intended to evaluate student6' mastery of a number
of concepts and skills_which, for the most part, they could
reasonably be expected to have acquired upon completion of
secondary school. Although some of the items dealt with con-
tent outside the prescribed curriculum, the vast majority
dealt with topics customarily treated at the Grade 10 level or
lower.

1'ince Math 10 is the last mathematics course which all
students are required to take, a decision was made to include
a sample of Grade 10 students in the Assessment. Their inclu-
sion permitted comparisons to be drawn not only with the Grade
12 population as a whole but also with that subset of Grade 12
students who had taken no mathematics beyond the Grade 10
level. The performance of the Grade 10 sample was not rated by
the Interpretation Panel. Their comments pertain only to the
results obtained by the entire Grade 12 group.

In the Grade 12 pool of items, there were 90 items di-
vided among five domains sub-divided into 13 objectives, Table
7 presents a summary of the ratings given by the Grade 12
Interpretation Panel to the results on each domain and objec-
tive.

The differences between the means for the Grade 10 sample
and the Grade 12 group are consistently small. At the domain'
level, they vary between two and six percentage points, all in
favor of Grade 12. None of the differences at the level of
objectives exceeds 7%, and most of thew are 4% or less.

Overall, judging from the ratings of the Interpretation
Panel, the performance of the Grade 12 students appears to be
adequate, although there are a number of areas which the Panel
singled out as requiring increased attention. Results on eight
of the 13 objectives were rated as being Satisfactory or Very
Satisfactory. None was rated as Weak.
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Table 7
Grade 12: Summary Statistics

f

Domain/Objective
Number
of Items

Provincial
Mean (%)

Gr.10 Gr.12

Panel
Rating

Number and Operation 22 55 59 M

Number concepts 6 53 55 M

Fractions and decimals 10 55 60 M

Ratio, proportion & percent 6 57 63 S

Geometry 18 59 61 S to VS

Geometric figures 6 55 56 S

Geometric relationships 6 46 49 M to S

Logical reasoning 6 75 79 VS

Measurement' 12 55 57 M

Metric units 6 62 66 S

Area and volume 6 47 48 H

Algebraic Topics 32 48 54 S

Equations and inequalities 14 49 56 S

Graphs 6 70 74 VS

Probability 6 49 54 S

Statistics 6 23, 30 W to M

Computer Literacy 6 61 * 66. S to VS

Number and.Operation

The items in this domain dealt with topics such as esti-

mation, scientific notation, order of operations,

computational skills, and ratio, proportion, and percent. The

fact that the Interpretation Panel assigned an overall rating

of Marginal to the results obtained on this domain may be
taken as an indication of concern on their part. For the 22

items in this objective, 12 results were rated Satisfactqry or
Very Satisfactory and four as Weak.

The Panel felt that students' ability to use estimation
skills, as illustrated in Item B/20, required some improve-

ment. They expressed the opinion that exercises requiring such

skills should be included throughout the curriculum so that
students would learn to assess the reasonableness of results.

Students' ability to perform routinc. computations with

fractions and decimals and to use ratio, proportion, and per-

cent was rated as Satisfactory.
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B/20. The closest estimate for fair wou'ld be:

% of students
Gr.I0 Gr.12

20 8 8

30 8 6

25 43 46t

80 36 34

I don't know 5 6

Geometry

The Interpretation Panel was unable to settle on a single
classification of results on the 18 items in this domain. They
eventually agreed to categorize the results as being somewhat
better than Satisfactory and less than Very Satisfactory.

In the opinion of the Panel, students' ability to identi-
fy basic geometric figures is Satisfactory. They expressed
some concern about the representativeness of the items in the
Geometric Relationships objective and ha'? difficulty assigning
a rating to the students' performance on these items. They
gave a rating of Very Satisfactory to the results on the
Logical Reasoning items, one of only two objectives to be ac-
corded such a high rating.

Measurement

As was the case for Grades 4 and 8, the Grade 12 results
in Measurement were ranked lowest of all the domains by the
Interpretation Panel. Of the twelve item-results in this
domain, eight were rated as Marginal or Weak, two as
Satisfactory, one as v.ry Satisf :tory, and one as Strong. On
a more positive note, students showed that they were familiar
with the Celsius temperature scale and, on Item B/12, that
they could convert units within the metric system. On a simi-
lar item wheIl students were asked to calculate the number of
metres in 0.E.6 km, however, only 53% obtained the correct ans-
wer.

In the area and volume objective, five of the six item-
results were rated as Marginal or Weak by the Panel. An exam-
ple of an item where the students' performance was rated as
Weak is shown in Item B/21.

Results in this domain indicate areas where achievement
is less satisfactory than desired. Students graduating from
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B/12. 5 metres is the same length as:

% of students
Gr.10 Gr.12

50 centimetres 5 7

500 centimetres 87 85fi

50 millimetres 1 1

500 millimetres 3 2

I don't know 3 5'

B/21. The perimeter of a square is 12
centimetres. Find the area in square
centimetres.

% of students
GrO0 Gr.12

48 14 12

9 36 38fi

12 4 4

_

144 40 39

I don't know 6 8

secondary school should be familiar with elementary concepts
of measurement,. area, and volume, and be able to apply them in

.
more or less routine situations. These results indicate that

many students are unable to do so.

Algebraic Topics

The Algebraic Topics domain for Grade 12 included such

traditional topics as expressions, equations, inequalities,
and graphs, as well as elementary notions of probability and

statistics which are not part of the curriculum. The
Interpretation Panel rated the overall performance of students

... on this domain as being Satisfactory. Ten item-results were
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rated as Satisfactory or better while four were rated as Weak.

Students displayed a Satisfactory level of performance on
items dealing with algebraic expressions, equations, and ine-
qualities. On items dealing with graphs, their performance was
Very Satisfactory, as it was on items dealing with basic con-
cepts of probability.

Computer Literacy

The six items in the Computer, Literacy domain assessed
students' knowledge of some basic, non-technical matters about
computers. The items treated topics such as the strengths and
limitations of computers, their social impact, and areas of
application. The items did not include programming, flow char-
ting, or other aspects of computer science. Students'
performance in this domain was rated as Satisfactory to Very
Satisfactory in view of the fact that the material tested was
not part of the prescribed curriculum.

Problem Solving and Consumer Mathematics

The Assessment items may be grouped into categories in a
variety of ways to highlight areas of interest. Two such areas
at the Grade 12 level are Problem Solving and Consumer
Mathematics, both topics of current interest in the field of
mathematics education.

Sixteen problem solving items were selected from the five
domains and examined as a group. Thej items dealt with word
problems of the type typically found in textbooks, but also
included a few less routine items as well,, such as Item B/21
which was discussed earlier.

Overall, the mean percent correct for the sixteen
problem soling items was 59% for Grade 12 and 55% for the
Grade 10 sample. The Interpretation Panel rated nine of the
item-results as Satisfactoryor better and seven as Marginal
Or Weak. This would seem to indioate an adequate performance
level, but not a oarticularly strung one.

The fifteen consumer mathematics items dealt with topics
such as calculating simple interest, reading information from
graphs and tables, calclulating taxes and commissions, and
deciding on the best price for an article. The Interpretation
Panel rated six of these item-results as Satisfactory or
better and nine as Marginal or Weak'. Performance was generally
good on items dealing with graphs, 35 .is shown by the result
on Item A/1 which was rated Strong.
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A/I. For how many months was the rainfall more than 5 cm?

25

E 20

15

110
za 5
cr

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

MONTHS % of students
Gr.10 Gr.12

1

AI

111MI

3 2 2

4 2 2

6 90 92t

7 5 4

I don' t know .. 2 1

On the other hand, three of the four Consumer Mathematics
items dealing with statistics resulted in weak ratings. In

general, these results are disappointing.

4.4 Changes in Achievement since 1977.

Eighty items from the 1977 Assessment were repeated on
the 1981 instruments as a means of obtaining information on

the direction and extent, of changes in patterns of students'

achievement during the intervening four years. The items

selected for use as change items were those that coincided,

with the topics being evaluated in the 1981 Assessment and on

which fewer than 80% of the students in 1977 had obtained the

correct answer. The latter criterion was used in order to e-

liminate
that

items on which students had performed so well

in 1977 that there would be little likelihood of growth.

The items selected were separated into seven Change

Categories. At the Grade 4 level there were two such categor-

ies: Number and Operation, and Measurement. There also were

two at the Grade 8 level: Number and Operation, and Geometry
and Measurement. For Grade 12 there were three: Number and

Operation, Geometry and Measurment, and Algebraic Topics.
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Overall results showed increases ranging between 2% and
5% in the mean-percent-correct values on four of the seven
Change Categories. The other three showed no significant
change. In other words, at all three grade levels and for all
Change Categories, there were no declines in achievement lev-
els.

Although none of the changes are dramatic, these results
are encouraging, They indicate that gains have been made in
students' achievement on a number of important topics from the
mathematics curriculum since 1977.

.1V
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5. STUDENTS' BACKGROUND AND ACHIEVEMENT

In the 1977 Assessment the relationships between a number

of personal attributes of students and their achievement were

examined, and a number of interesting results obtained. Among

the factors which were identified at that time as being possi-
bly related to achievement were date of birth of Grade 4

students, gender, first language, and, among Grade 12 stu-

dents, parental education and future plans. Similar analyses

were undertaken with the 1981 data using a 10% random sample

of the Grade 4, 8, and 12 populations.

For several of these analyses the Grade 12 sample was

partitioned into three categories according to the students'

background in mathematics. The three categories were labelled

Math lb, Algebra 11, and Algebra 12. The fist group, Math 10,
consisted of a sample of those Grade 12 students who had taken

neither Algebra 11 nor Algebra 12, although they might have

taken one or more senior elective courses in mathematics. This

group included those students who had taken no mathematics

beyond the minimum required. The Algebra 11 group consisted of

a sample of students who had taken Algebra 11 and, perhaps,

one or more electives, but who had not taken Algebra 12. The

third group, Algebra 12, consisted of a sample of those stu-

dents who had taken Algebra 12.

There is always a danger that data such as these will be

misinterpreted as implying the existence of a cause-and-effect

relationship between a given student-background variable and

achievement. In fact, no such conclusion is warranted. The

Assessment data may indicate the existence of a linkage be-

tween the two, but they cannot validly be used to conclude

that changes in one variable will result in changes to the

other. For example, if the results were to show, as they did

in 1977, that Grade 4 students who watch four hours of tele-

vision each day perform better on the Assessment items than

those who watch less television, this should not be taken to

imply that students might improve their achievement in mathe-

matics by increasing the amount of time they spend watching

television. All that can be concluded is that there appears to

be a relationship between the two.

Sex Differences in Achievement--Grades 4, 8, and 12

In 1977, results from the Assessment indicated the exis-

tence of differences in achievement between boys and girls at

all three grade levels and especially at the higher cognitive

levels. These differences favored males over females and were

more pronounced in the later grades than in Grade 4. Similar
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results were found in 1981.

Analysis of variance of the domain means for boys and
girls in Grade 4 revealed two statistically significant but
numerically small differences: one in favor of the girls on
,Geometry and one in favor of the boys on Measurement. Three
similarly small but significant differences were found at
Grade 8, this time all in favor of the males. These occurred
in Geometry, Measurement, and Computer Literacy.

10

6

4

+2

Provricial
Mean
(7.)

-2

-4

-6

-8

-10

Male El Female IIII

Number Algebraic . Computer
& Operation Geometry Measurement Topics Literacy

Figure 3. Grade 12- -Sex differences in achievement.

As is shown in Figure 3, the differences at the Grade 12
level are quite large,, as much as 17% on t:.e Measurement
domain. Even when mathematics background is controlled, the
differences in achievement between males and females at the
Grade 12 level remain pronounced. That is, when the Grade 12
group is divided into the Math 10, Algebra 11, and Algebra 12
sub-groups, the differences in achievement within each sub-
group parallel those within the entire population.
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First Language Grades 4, 8, and 12

The results of the 1977 Mathematics Assessment showed

that, in Grades 8 and 12, students who were not born in Canada

and who had spoken a language other than English at home

before starting school appeared to suffer no educational han-

dicap insofar as mathematics achievement was concerned.

Similar, but not the same, data were collected in 1981 in

order to examine the more specific question of the relation-

ship -between first language- learned- and _achievement in

mathematics. Students were separated into two groups: one con-

sisted of those students who had learned English as a first

language, the other of those-who had not. At each grade level,

the English-as-a-first-language students outnumbered the

others by abcut 8 to 1.

Among Grade 4 students statistically significant dif-

ferences, two of four percent and one of three favoring the

English-as-a-first-language group, were fund on three of the

domain emparisons. One such difference was noted in Grade 8,

and, none in Grade 12. In other words, analysis of these re-

sults does not reveal the existence of any strong relationship

',between students' fi :st Janguage and their level of achieve-

ment in mathematics.

Attitudes--Grades 4, 8, and 12

Correlation coefficients were computed to investigate the

strength of the relationship that exists between achievement

scores and students' attitudes toward mathematics. ""' analy-

sis indicated that at all three levels, there is a moderate

correlation between the two. The correlations tended to in-

crease with grade level, but, remained in the moderate range.

Mathematics BackgroundGrade 12

Evaluating the Assessment results is more problematic at

the Grade 12 level than at either of the other two because the

Grade 12 population is so diverse mathematically. Some of

these students have fulfilled the minimum requirements by

taking Math 10 and nc .Wore. Others have elected to discontinue

taking mathematics courses after completing Algebra 11, and

still others have taken Algebra 12 and one or more of the

senior electives which are available.

In order to investigate the extent of the differences in

achievement among the three Grade 12 sub-populations and the

Grade 10 sample, the achievement results were re-examined

within the three sub-populations of Grade 12 defined earlier,

using the Grade 10 sample as a benchmark for comparisons. As

the graph in Figure 4 indicates, there are dramatic dif-

ferences among the four groups on each domain.

3k



Students Background and Achievement
44

Number & Algebraic Computer
Operation Geometry Measurement . Topics Literacy

Grade 10

- Math 10
MI Algebra 11

E3 Algebra 12

Figure 4. Grade 12--Achievement by mathematics background.

As was the case in 1977, the results show that the
Algebra 12 sub-population had the highest mean-percent-correct
on each domain, and the Math 10 sub- population had the lowest.
The differences between these two extremes ranged from a high
of 42% in the Measurement domain to a low of 16% on Computer
Literacy, a domain which dealt with content outside the pre-
scribed curriculum. The low level of achievement by students
in the Math 10 sample may be due in part to their having for-.
gotten much of the material tested, as well as to the fact
that these students are probably among the least .capable ma-
thematically.

The performance of the Grade 10 sample is interesting for
two reasons. On the one hand, these students-performed at
almost the same level as the Algebra 11 sub-population of
Grade 12 students, and, on the other hand, their performance
was considerably superior to that of the students in the Math
10 sub-population.

Future Plans "Grade 12

Slightly more than '30% of the students in the Grade 12
sample intend to continue their studies at university or in a
university transfer program at a community college. About 25%
plan to enrol in various technical and vocational programs,
and 15% intend to work full-time. The comparative performance
of these three groups is shown in Figure 5.
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-5-

- 10-

- 15- Number & Algebraic Computer

Operation Geometry Measurement Topics Literacy

Training El

University

Work 1111

Figure 5. Grade 12-- Achievement by future plans.

The performance of the university sub-group is superior

to both of the others on every domain, and that of the sub-

group that intends to seek full-time employment after comple-

ting Grade 12 is lowest in each case. The gap between highest

and lowest ranges from a high of 31% on the Measurement domain
to a low of 14% on the Computer Literacy domain.

Closer examination of the make-up of these three groups

of students shows that they are similar to,the sub-populations

determihed by mathematics background. Almost 60% of the

Algebra 12 students are in the University sample, and only 5%

are in the Work sample. Among the Math 10 group, 25% plan to

begin work after finishing Grade 12, and only 5% are in the

University sample. To a considerable degree, the results based

on future plans of students are a replication of the results

based on mathematics background.
a
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6. THE TEACHERS OF IATHEATICS

Teachers of mathematics-at every grade level from 1 to 12
were randomly Selected as potential respondents for one of. the
two Teacher Questionnaires which were developed for this
Assessment, one for elementary teachers and the other for sec-
ondary teachers. Of the 1165 questionnaires distributed to
elementary teachers, 868 were completed and returned--a return
rate of 75%. At the secondary level, 733 out of 951 were
completed--a return rate of 77%. These return rates are very
high indeed for this type 1g survey.

On the average, elementary teachers have been teaching
for more thane five years, and doing sc in self-contained
classrooms. Virtually none of these teachers belongs to either
of the major professional associations for teachers of mathe-
matics: the B. C. Association of MathematicS Teachers (BCAMT)'
and the NationalACouncil. of Teachers of Mathematics (NCTM). On
the other hand, slightly more than 50% lave attended a mathe-
matics conference, .workshopeor in-service day in the past
three years. Elementary teachers enjoy teaching in general
ana, in particular, they enjoy teaching mathematics.

On the average, the teachers of mathematics at the secon-
dary level have also been teaching for at least five years,
although not necessarily teaching mathematics exclusively. In
fact, almost half of them teach other subjects in addition to
mathematics, and 30% teach only one mathematics class. The
vast majority do not belong to either the BCAMT or the NCTM.
Ninety percent of these teachers have had some training in
mathematics 'at' the post-secondary'level, but almost 30% have
never taken a course in methods- of teaching mathematics. Like
their counterparts at the elementary level, teachers of secon-
dary school mathematics enjoy teaching and, given the choice,
wou continue to teach mathematics;

A large number of both elementary and secondary teachers,
19% and 16% respectively, consider, themselves to be inadequa-
tely prepared to teach mathematics, and these teachers share a
number of distinctive opinions and characteristicsCompared
to the rest oTthe-population, fewer of these teachers have
participated mathematics workshops or conferences recently.
They feel that academic preparation in mathematics is a less
important part of a teacher education program than the other
teachers do, and they attach less importance to emphasizing
consumer application of mathematics and problem-solving.
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Perhaps even more disturbing is the group consisting of

the almost 50% of teachers of secondary mathematics who teach
other subjects as well. Results show'tnat one Fourth of these

teachers have no b :ckground in mathematics beyond the secon-
dary school level, more than half of them have never taken a

course in methods of teaching mathematics, and almost 70% have
noc .attended a mathematics conference or workshop in the past
three years. Teachers in this category teach mainly at the

junior secondary level, and it is likely that they teach only

one mathematics class.

Taken together, these results show that, particularly at

the junior secondary level, many mathematics (-lasses are being

taught by teachers who have little or no professional or aca-
demic preparation for the task. On the one hand, the number of

students enrolling in university teacher-education programs

for secondary mathematics has declined sharply in the past
several years. The situation is complicated by the fact that,

on the other hand, there appears to be widely-held opiniOn
that anyone can teach Grade e mathematics and, because of

that, teachers who are untrained in the subject are sometimes
required to teach such a class in- order to complete t,eir

teaching schedules. The situation seems certain to be me

worse unless appropriate measures are taken.



7. THE TEACHING OF MXTHEATICS

The Teacher Questionnaires were di,,ided into several sec-
. tions, som' of which were designed to collect information from

teachers : -riling a number of topics related to the way
mathemati is taught in the'schools of the province. These
sections dealt with such matters as implementation of the pre-
scribed curriculum, use of calculators and computers, and
evaluation of students' achievement. In addition, teachers
were asked to select one of the classes they were currently
teaching and to provide information about the teaching meth-
ods,,materials, and techniques they employed with that class.

Program Implementation

Teachers feel that the curriculum guide for mathematics
issued by the Ministry of Education is helpful to them in
Planiying their teaching, and over 80% indicated that they had
referred to it at some time during the year. They feel that
the curriculum guide should include a statement of minimal
content objectives for each grade or,course, a separate list
of the topics to be taught for each grade, a number of sugges-
tions concerning appropriate methods and materials to b' used,
and an order in which to teach the topics for each grade.

Teachers feel that the statement of cognitive goals for
the mathematics curriculum contained in the curriculum guide
coincides well with their own views, Ir their opinion, the two
most important of those goals are the following:

'The mathematics program will enable t,.-,e student

to identify and use the basic properties and opera-
tions of the real number system.
to apply knowledge of mathematics to familiar physi-
cal pr environmental situations in order to

. construct a descriptive mathematical model of the
situation or to solve a problem arising from the
situation.

The curricular goal which was ranked last in importance con-
cerned geometry.

Two thirds of the teachers believe that all students
should bt required to take mathematics courses every year, at
least through Grade 11, and, according to many, in Grade 12 as
well. They strongly support the idea that secondary mathema-
tics courses should be taught by specialists and there is a
moderate degree of support for making use of specialists at
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the intermediate grade level as well. In their opinion, stu-

dents should be grouped according to ability for mathematics
instruction: between classes at the secondary level and within

classes' at the elementary.

Calculators and Computers

The proportion of teachers who say that calculators

should be used in schools has increased significantly since

1977. Results show. that over 90% of mathematics teachers be-

lieve that students should be permitted to use calculators in
mathematics classes at some level, although a majority of ele-

mentary and junior secondary teachers do not, in fact, permit

students to use calculators in their classes. Whereas the sup-
port for their use is strongest at the secondary level, over a

third of elementary teachers feel it would be appropriate to
use calculators in Grades 4 to 7. Secondary teachers tend to

disagree with this opinion. There is very little support among
teachers for using calculators in Grades 1 to 3.

Over 60% of secondary teachers and only 12% of elementary

teachers have access to computers for instructional purposes.
Teachers at all levels came out strongly in favor of using

computers in their classrooms, of learning to use micro-compu-

ters, and of including computer literacy in the curriculum,
although not necessarily as part of the mathematics curricu-

lum.

Assessment and Testing

Almost half of the secondary teaches and a third of the
elementary teachers have read one or more of the reports from

the 1977 Mathematics Assessment. In addition, 40% of both

groups combined feel that the results and recommendations of

that study have influenced their teaching. Taken together,
these results show that the Learning Assessments conducted by

the Ministry of Education are having an impact on the teaching
of mathematics in the province.

The MaLhematics Achievement Tests published by the

Learning Assessment Branch are the standardized tests that are

most commonly used by teachers of secondary mathematics. Among
elementary teachers they are second in popularity onl: to the

Canadian Test of Basic Skills. Both groups of teachers, how-

ever, make much more extensive use of tests they prepare

themselves than they do of tests published by others. A ma-
jority, 53%, of secondary teachers agree that an examination

in mathematics analogous to the English Placement Test should

be used to determine placement in university.
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Class-Specific Information

At the elementary level, the average class consistgof 23
students who, according to their teachers, have a wide range
of ability. At the secondary level, the average size of a
mathematics class is 25, 'and the range of student ability in
clasL.es is seen to be as wide as at the elementary level. This
latter finding might seem somewhat surprising in view of the
widespread use of ability grouping For secondary school mathe-
matics. However it may be an indication that such grouping
does not, in fact, result in homogeneous classes.

The structure of the average lesson has changed very
little since 1977, and probably for much longer than that.
Students spend a great deal of time listening to the teacher's
explanations and working alone on exercises from the textbook.
Occasionally students get to work together in small groups but
this is not customary even at the elementary level. Virtually
none of the teachers makes use of laboratory activities or
projects in mathematics. The typical mathematits class is, in
short, highly structured, teacher-centered, and almost totally
predictable in format.

' During a typical class, teachers spend 40% of their time
making presentations to the entire class or to a small group
and supervising seat .work. Secondary teachers say that they
spend an average of 24 minutes preparing for each mathematics
class, compared to 18 minutes for elementary teachers. Almost
30% of elementary teachers do not give their students homework
assignments in mathematics. Textbooks are used almost exclu-
sively as sources of exercises.

Teachers feel that the present curriculum meets the needs
of their students. A majority of them are of the opinion that
the development of concepts and skills in arithmetic rna zle1P-
bra, problem solving, and logical thinking mould be
emphasized. Areas such as geometry, structure of t'ie number
system, consumer mathematics, and probability are seen 'as
being considerably less .mportant. Only 8% of elementary
teachers feel that geometry should receive much emphasis, the
lowest level of support for any of the twelve areas of mathe-
matics listed.'

'The list of topics was based on one drawn up by the National
Council of Supervisors of Mathematics in the U. S. A. as a
list of basic skills for the mathematics curriculum. .
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8.' CONCLUSIONS AND RECOMMENDATIONS

Some of the findings of the 1981 Mathematics Assessment

warrant special attention because of their significance to the
teaching and learning of mathematics. Moreover, the analysis
of the Assessment data has given rise to a number of questions

and issues which should be addressed in the near future. The

Contract Team, having considered the data in some detail, has

reached several conclusions about the state of mathematics in

the schools of the province, and has a number of recommenda-

tions to make to those whose responsibility it is to ensure

that the teaching and learning of mathematics continue to im-

prove.

First and foremost, the overall achievement results are
encouraging. They show that, for the most part, students, are

learning the content expected of them. This opinion is streng-,

thened by the fact that results from the Change Categories

indicate that some improvement in achievmen levels has oc-

curred r,ince 1977.

Of the total of 15 domain scores at Grades 4, 8, and 12,
nine were rated as either Satisfactory or Very Satisfactory.

None was rated as being Weak. Of the five domains at each
grade level, Measurement is the cause for most ,concern since

it was consistently given the lowest rating.

The process by which the ratings were reached, however,

is a causefor some concern. First of al2, and as has been

mentioned earlier, the Interpretation Panels had considerable

difficulty in judging students' performance on difficult

items. In most cases their judgment was based almost solely on

the percent of students who obtained the correct answer, with
little or no weight being attached to the difficulty of the

item concerned. Secondly, the Panels rated performance on all

of the non-curricular objectives as Satisfactory, because those

objectives dealt with content that was unfamiliar to the stu-

dents. In effect this renders their ratings in those areas
almost impossible to use to answer questions about the advisa=
bility of adding those topics to the mathematics curriculum.

The Learning Assessment Branch should take steps to alter the

interpretation process in order to circumvent these problems

in future assessments.

From the other components of the Assessment, the Contract

Team identified a number of areas that .7..:!em to be especially

significant. Along with the achievement results, they form the

basis for the recommendations that are listed below.
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On the basis of a project as large as 'the present
easy matter to put forward dozen of recommendations,
to do so is rather strong. However, in the hopes of
all, of them acted upon it seems prudeht to limit the
dations and to include only those which, in the opini
Team, are in most urpnt need of attention.

one, it would be an
and the temptation
seeing most, if not
number of recommen-
on of the Contract

The results of the assessment have indicated that student achievement
in mathematics is generally satisfactory. There are, however, some areas
which, in the opinion of the Contract Team, require additional attention.

Recommendation 1

We recommend that teachers of mathematics give increased attention to
the following topics:

in primary grades, the concepts of inverse operation, missing
addPnds, re-grouping, subset-set models for fractions, and esti-
mation

in intermediate grades, operations with decimals, numeration
(including properties of zero), estimation, and percent

in secondary grades, estimation,-operations with decimals, prob-
lem-solving, and consumer application's

at all levels, the metric system, -;,erimeter, area, and volume

Questionnaire results show that the use of calculators and'computers,
both in school and in the home, is increasing and-teachers have not been
provided with sufficient assi$tance for making use of these technological
aids.

Recommendation 2

a) We recommend that. the Currlum Development Branch i-mediately ES-
-,:ablish a committee to -consider how calculators and co7pu:ers should be
used and at what grade levels.

This committee should make recommendations, not only about appropri-
ate uses of calculators and computers, abut also about financial impli-
cations regarding both hardware and software.

b) We recommend that, based on the recommendations of the above commit-
tee, the Curriculum Development Branch develop materials for teaching com-
puter literacy.

In line with the opinions expressed by teachers and members of Review
Panels, those materials should be usable in the context of several differ-
ent courses.
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c) We recommend that Program Implementation Services debelop appropriate

in-service programs to facilitate successful utilization of the above ma-

terials at the classroom level.

Results of the Goals Survey and the opinions expressed by members of

the Review Panils and by teachers. on the Teacher Questionnaires provide

valuable guidance for future revision of the mathematics curriculum.

Recommendation 3

a) We recommend that the forthcoming revised mathematics curriculum in-

clude among its major goals, the development of student skiZZs in problem-

solving, logical thinking, and consumer applications of mathematics; and

that the topics of probability arid statistics be included as important and

identifiable components.

b) We recommend that, in any revision of the mathematics curriculum, the

Curriculum Development Branch restructure the Curriculum Guide and Re-

source Book to incCude:

4. separate sections of the guide for each grade

minimal content objectives for each grade

suggested order for treating the topics in the course

4. suggested time allocationQ for topics

suggestions regarding appropriate methods and materials

for teachers to use

The results of the Teacher Questionnaire iriicate that the vast ma-

jority of teachers consider that compulsory mathematics to the end of

Grade 10 is insufficient.

Recommendation 4

We recommend that aZZ students be regUired to take some form ofmath-

emdtics course each year at least from Grade 1 through Grade 11.

In the opinion of the Contract Team, the Teacher Questionnaire re-

sults indicate that an unacceptably large number of teachers of mathema-

tics are inadequately prepared, either academically or professionally.

Recommendation 5

a) We recommend that School Boards and Principals attempt to ensure that

only persons with academic and professional training "n mathematics educa-

tion are permitted to teach mathematics at either the elementary or the

secondary school level.
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b) We recommend that all Faculties of Education in the universities of
the province of British Columbia include, as a compulsory component for
elementary teacher preparation, a' course in methods of teaching mathema-
tics.

c) We recommend that Program Implementation Services, with the cooper-
ation of School Boards and Faculties of Education, organize, and provide
adequate funding for, in-service programs for the re-training of those
teachers who, for whatever reason, have been asked to teach mathematics
but do not have the necessary preparation.

From the results of t., Teacher Questionnaire, it Is evident that
teacher-made tests form a substantial component of the evaluative data
used by teachers in making decisions about students. It is essential
that such instruments be both reliable and valid and that teachers be able
to interpret the results of these tests in a professional manner.

Recommendation 6

a) We recommend that the Faculties of Education in the vni',ersities of
the province of British Columbia ensure that all of the'r students are
exposed to the principles of test construction and analysis of test data
as well as to other methods of assessing student performance."

b) We recommend that School Boards organize in-service programs for their
teachers on principles of test constructicn, ano.4,sis of test data, and
other methods of assessing student performance.

c) We recoumend that the Learning Assessment Branch continue developing
classroom achievement tests, publishing reference materials for the use
of teachers, and providing in-service assistance in methods of student
evaluation.

There is considerable evidence that the geometry included in the pre-
scribed curriculum is not being taught in all classes and that many teach-
ers do not see geometry as a particularly important part of the curricu-
lum. Moreover, in the 1980/81 school year, only six percent of the
Grade 12 students were enrolled in Geometry 12.

Recommendation 7

We recommend that, in the forthcoming revision of the mathematics
curriculum, the Curriculum Development Branch determine the place and the
role of geometry at aZZ levels of the curriculum.
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At the present time, oily one percent of elementary teachers belong

to the British Columbia Association of Mathematics Teachers.

Recommendation 8

We recommend that the British Columbia Association of Mathematics

Teachers take steps to make membership in the B.C.A.M.T. more attractive

to teachers of mathematics in the province, especially at the elementary

level.

Results from the metric usage items indicate that students do not

"think metric", that is, they do not use metric units as their first or

most natural response to a measurement situation.

Recommendation 9

We recommend that the Minister of Education alert the Metric Commis-

sion of Canada to the fact that students do not "think metric",andre-

quest the Metric Commission take action to increase the use of metric

units in the media and to educate the public in the use of metric units.

Following the 1977 Mathematics Assessment and the 1978 Science Ass-

essment, a discussion paper entitled Gender and Mathematics/Science Edu-

cation in Elementary and Secondary Semis, was commissioned by the Min-

istry of Education. The results of this Assessment indicate no signifi-

cant change in the rate ofv participation of females in mathematics

courses at the senior secondary level. Moreover, the pattern of differ-

ences in achievement between males and females remains unchanged.

Recommendation 10

We recommend that the Minister of Education charge the appropriate

sections of his Ministry with examining and, where appropriate, acting

upon' the recommendations of discussion paper 08/80: Gender and Mathema-

tics/Science Education in Elementary and Secondary Schools.
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APPENDIX A

MEMBERS OF REVIEW PANELS

Primary Panels

Kelowna

Jean Aston, Teacher, Penticton School District
Barb Boonstra, Teacher, Kamloops School District
Eric Buckley, Okanagan College
John Ciriani, Cariboo College
Winnie Collins, Teacher, Vernon School District
Diane Lubnowsky, Parent, Kelowna
Jennifer Murphy, Teacher, South Cariboo School District
John Opra, Principal, Revelstoke School District
Joe Petrelta, Teacher, Kelowna School District
George Staley, Teacher, Kelowna School District

Richmond

Peter Bullen, University of British Columbia
Don Cook, Principal, Abbotsford School District
Gale Corder, Teacher, Delta School District
Heather Kelleher, Teacher, New Westminster School District
John McMaster, Teacher, Trail School District
Ruth Miller, Trustee, Powell River School-District
Suzanne Montemuro, Parent, North Vancouver
Ron Popoff, Teacher, West Vancouver School District
Sheila Roberts, Teacher, Vancouver Diocese
Eliza'Jeth Robertson, Teacher, Vancouver School District

Doug Super, Coordinator, Richmond School District
Pol)y Weinstein, University of British Columbia

Intermediate Panels

Richmond

Robert BettS, Teacher, Burnaby School District
Richard Bury, Teacher, Surrey School District

Sr. Helen Danahy, Principal, Vancouver Diocese
Bill Davidson, Teacher, Coquitlam School District
Grace Dilley, Helping Teacher, Surrey School District

Art Fletcher, Superintendent, Lillooet School District
George Ivanisko, Supervisor, Langley School District
Hannu Makinen, Teacher, Delta School District
Robert Rennie, Capilano College
Gail Spitler, University of British Columbia
Bill Wallace, Principal, Burnaby School District
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Qualicum

Bob Campbell, Teacher, Victoria School District
Ron Edmonds, Teacher, Victoria School District
Don Frewing, Teacher, Sooke School District
Ted Horn, University of Victoria
Lois Macy, Trustee, Qualicum School District
Mark Mahovolich, Teadher, Saanich $chool District
Greg Murray, Teacher, Lak" Cowichan School District
Peter Sm-rt, Royal Roads college
Walter Tangye, Trustee, Saanich School District
Bill Van Dyke, Principal, Society of Christian Schools
James Wilson, Teacher, C.Lthpbell River School District

Secondary Panels

Richmond

Jack Buller, Teacher, Delta School District
Helen Casher, Trustee, Maple Ridge School District
Ken Corbett, Teacher, Richmond School District
Harvey Gerber, Simon Fraser University
Tom Howiti, University of British Columbia
John Klassen, Teacher, North Vancouver School District
George Maih, Principal, Langley School District
Wayne Matthews, Teacher, North Vancouver School District
Fil Muaro, Teacher, Grand Forks School District
John Turnbull, Teacher, Richmond School District

Prince George

Doug Cutler, Teacher, Smithers School District
Ken Dick, Principal, Prince George Diocese
Dan Dobrinsky, Teacher, Quesnel School District
Margaret Ernst, Trustee, Quesnel School District
Dave Hamblin, Teacher, Cariboo-Chilcotin School District
Harry Hufty, Coordinatot, Prince George School District
;Jennifer Johnston, Teacher, Prince George School District
Henry Kuiperi, Teacher, Fort Nelson School District
Clint Lee, College of New Caledonia
Jake Penner, Teacher, Prince George School District
Ed Zolinski, Teacher, Peace River North School District
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APPENDIX B .,.,

MEMBERS OF INTERPRETATION PANELS

Grade 4

Franca Boratto, Multi-Cultural Worker, Vancouver
. Pat Craig, Teacher, Sunshine Coast School District

Margaret Diana, Teacher, Victoria School District
Randolph Gris, Principal, Nelson School District
Lrene Macrae, Trustee, Qualicum School District
John Opra, Principal, Revelstoke School District
Ann Peterson, Teacher, Terrace School District
Mark Proctor, Teacher, Vancouver School District
Marilyn Shore, Teacher, Cariboo-Chilcotin School District
Gail Spitler, University of British Columbia
Mary Stewart, Teacher, Richmond School District
Angie Thorn, Teacher, South Carih)o School District
Jean' Valiance, Primary Supervisor, Langley School District
Marilyn Wood, Parent, Richmond

Grade 8

Jim Bourdon, Supervisor, North Vancouver School District
Terry DeTchuk, Principal, Trail School District
Chris Donaldson, Parent, West Vancouver
John Gordon, Teacher, Delta School District
Pat Henman, Teacher, Abbotsford School District r

Tom Howitz, University of British Columbia'
Phil Judd, Teacher, Cowichan School District
Ed Kwasniewski, Teacher, Nelson Diocese
Lenore Lawrence, Trustee, Peace River South School District

Les Matthews, Principal, Chilliwack School District
David Miller, Teacher, Qualicum School District
Jack Morrison, Teacher, Prince George School District
Eunice Parker, Trustee, Coquitlam School Board
Jesse Rupp, Teacher, West Vancouver School District

Bill Seaton, Okanagan College

Grade 12

Helen Casher, Trustee, Maple Ridge School Board
John Ciriani, Cariboo College
Lloyd Colling, Supervisor, Nechako School District
Elaine Curling, Teacher, Victoria School District
Margaret Ernst, Trustee, Quesnel School Board
Chester Gris, Teacher, Creston School District
Ted Horn, University of Victoria
David Kennedy, Teacher, Langley School District
Mike Law, Teacher, Lillooet School District

Ray Leung, Teacher, Sooke School District
Art Olsen, Teacher, New Westminster School District
Les Phillips, Teacher, Coquitlam School District
Peter Woolley, Institute of Chartered Accountants
John Worobec, Consultant, Vancouver School Board
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APPENDIX C

LIST OF PILOT SCHOOLS

Primary (Grade 4 Items)

Alice Brown Elementary, Langley School District
Arthur Hatton Elementary, Kamloops School District
Bear Creek Elementary, Surrey School District
Birchland Elementary, Coguitlam School District
Burrard View Elementary, North Vancouver School District
Cascade Heights Elementary, Burnaby School District
Charles Dickens Elementary, Vandouver School District
Clinton Elementary, Burnaby School District
Coghlan Elementary, Langley School District
Davie Jones Elementary, Maple Ridge School District
Franklin Elementary, Vancouver School District
Gabriola Elementary, Nanaimo School District
George Jay Elementary, Victoria School District
George Vanier Elementary, Surrey School District
Glenrosa Elementary, Central Okanagan School District
Golden Ears Elementary, Maple Ridge School District
Hastipgs Elementary, Vancouver School District
James Ardiel Elementary, Surrey School District
James Bay Community Elementary, Victoria School District
Lakewood Elementary, Prince George School District
Latimer Road:Elementary, Surrey School District
Lord Strathcona Elementary, Vancouver School District
Malaspina Elementary, Prince George School District
Marigold Elementary, Victoria School District
McCloskey Elementary, Delta School District
Mount Benson Elementary, Nanaimo School District
Mundy Road Elementary, CoquitlamdSchool District
Pitt Meadows Elementary, Maple Ridge School District
Port Guichon Elementary, Delta School District
Ralph Bell Elementary, Kamloops School District
Raymer -Elementary, Central Okanagan School District
Shortreed Elementary, Langley School District
Thomas Kidd Elementary, Richmond School District
Thupderbird Elementary, Vancouver School District
University Hill Elementary, Vancouver School District
Walter Moberly Annex Elementary, Vancouver School District
Webber Road Elementary, Central Okanagan School District
Westsyde Elementary, Kamloops School District
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Intermediate (Grade 8 Items)

Burnsview Jr. Secondary, Delta School District
Britannia Secondary, Vancouver School District
Cedar Jr. Secondary, Nanaimo School DistriCt
City School, Vancouver School District
D.P. Todd Secondary, Prince George School District
Edmonds Jr. Secondary, Burnaby School District
Eric Hamber Secondary, Vancouver School District
Frank Hurt Secondary___StirreY School District
George Pringle Secondary, Central Okanagan School District
Guilford Park Secondary, Surrey School District
Hastings Jr. Secondary, Coquitlam School District
Hollywood Road Secondary, Central Okanagan School District
King George Secondary, Vancouver School District
Lakewood Jr. Secondary, Prince George School District
Lambrick Park Secondary, Victoria School District
L.A. Matheson Secondary, Surrey School District
Mountain Secondary, Langley School District
Montgomery Secondary, Coquitlam School District
Poppy Secondary, Langley School Distict
R.C. Palmer Secondary, Langley School Distric,t

Royal Oak Secondary, Burnaby School District
Sutherland Secondary, North Vancouver School District

- University Hill Secondary, Vancouver School District
Vancouver 'Technical, Vancouver School District

Secondary (Grades 10 and 12 Items)

Britannia Secondary, Vancouver School District
D.P. Todd Secondary, Prince George School District
Eric Hamber Secondary, Vancouver School District
Frank Hurt Secondary, Surrey School District
George Pringle Secondary, Central Okanagan School District
Guilford Park Secondary, Surrey School District

- Hollywood-Road Secondary, Central Okanagan School District
Lambrick Park Secondary, Victoria School District
L.A. Matheson Secondary, Surrey School District
Matthew McNair Secondary, Richmond School District
Mountain Secondary, Richmond School District
R.C. Palmer Secondary, Richmond School District
Poppy Secondary, Langley School District
Royal Oak Secondary, Burnaby School District
University Hill Secondary, Vancoliver School District
Westsyde Secondary, Kamloops Scol District
Sutherland Secondary, North Vancouver School District
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